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Abstract
Background: Few studies have investigated the specific effect of single intervention components
in randomized controlled trials. The purpose was to investigate the effect of adding group-based
diet and exercise counselling to individual life-style counselling on long-term changes in dietary
habits.
Methods: The study was a randomized controlled intervention study. From a general Danish
population, aged 30 to 60 years (n = 61,301), two random sample were drawn (group A, n = 11,708;
group B, n = 1,308). Subjects were invited for a health screening program. Participation rate was
52.5%. All participants received individual life-style counselling. Individuals at high risk of ischemic
heart disease in group A were furthermore offered group-based life-style counselling. The
intervention was repeated for high-risk individuals after one and three years. At five-year follow-
up all participants were invited for a health examination. High risk individuals were included in this
study (n = 2 356) and changes in dietary intake were analyzed using multilevel linear regression
analyses.
Results: At one-year follow-up group A had significantly increased the unsaturated/saturated fat
ratio compared to group B and in men a significantly greater decrease in saturated fat intake was
found in group A compared to group B (net change: -1.13 E%; P = 0.003). No differences were
found between group A and B at three-year follow-up. At five-year follow-up group A had
significantly increased the unsaturated/saturated fat ratio (net change: 0.09; P = 0.01) and the fish
intake compared to group B (net change: 5.4 g/day; P = 0.05). Further, in men a non-significant
tendency of a greater decrease was found at five year follow-up in group A compared to group B
(net change: -0.68 E%; P = 0.10). The intake of fibre and vegetables increased in both groups,
however, no significant difference was found between the groups. No differences between groups
were found for saturated fat intake in women.
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Conclusion: Offering group-based counselling in addition to individual counselling resulted in
small, but significantly improved dietary habits at five-year follow-up and a tendency of better
maintenance, compared to individual counselling alone.
Trial registration: The Inter99 study was approved by the local Ethics Committee (KA 98 155)
and is registered with ClinicalTrials.gov (registration number: NCT00289237).
Background
Nutrition is a major modifiable determinant of chronic
disease, and there is increasing scientific evidence sup-
porting that changes in diet have strong effects on health
throughout life[1]. Thus in the primary prevention of
chronic noncommunicable diseases in the population it is
necessary to develop effective interventions to promote
sustained improvements in dietary habits. Reviews of
both Brunner et al[2] and Ammerman et al[3] found
improved dietary habits of interventions which included
dietary counselling, and Ebrahim & Davey Smith[4]
found moderate but significant reductions in blood pres-
sure, total cholesterol, weight and coronary risk score of
individualized, non-pharmacological interventions on
lifestyle. However, the majority of studies have been
small, only involving highly selected individuals and been
of relatively short duration lasting 12 months or less[2].
To attain and maintain healthy dietary habits is, however,
a very intricate process, and research on adherence to life-
style changes has shown an overall low compliance[5].
Multiple intervention strategies seem to be more effective
in increasing compliance compared to single-strategy
interventions [2,3,6,7] However, lifestyle intervention
studies have in general been very heterogeneous and have
tested multiple intervention components simultaneously,
including dietary assessment, individual counselling,
group sessions, social support, cooking lessons etc [2,6-9].
Whether all of the intervention strategies included in
these complex interventions are necessary and which are
the most effective is unclear.
The Inter99 study is a large randomised, non-pharmaco-
logical intervention study on lifestyle performed in a gen-
eral population. The intervention lasted five years,
focused on diet, physical activity and smoking habits and
included health examination, individualised risk assess-
ment of ischemic heart disease (IHD), repeated individual
lifestyle counselling, and a group based diet and exercise
course and/or a smoking cessation course were offered to
high risk individuals. We have previously observed that
this multi-factorial lifestyle intervention was effective in
improving dietary habits in the intervention group (group
A) compared with a non-intervention control group after
five years[10]. The effect of an intensive lifestyle interven-
tion on lifestyle and the incidence of IHD was the main
focus of the study. But to be able to estimate the specific
effect of offering participation at a group based diet and
exercise course, a third smaller group (group B) was
included in the study. The intervention in group B was
similar to the intervention in group A but high risk indi-
viduals in group B were not offered group based counsel-
ling. Thus the aim of this paper was to investigate if there
is an additional effect of offering a group based diet and
exercise course to high risk individuals compared to a
group only receiving health examination and individual
lifestyle counselling.
Methods
Study population
Subjects were participants in the Inter99 study. The study
investigated the effect of non-pharmacological multi-fac-
torial lifestyle intervention on the incidence of IHD in a
general population. The study has been described in detail
elsewhere[11]. An age- and sex-stratified random sample
of 13,016 individuals born in 1939–40, 1944–45, 1949–
50, 1954–55, 1959–1960, 1964–65 and 1969–70 and liv-
ing in 11 municipalities in the south-western part of
Copenhagen County on 2nd December 1998 was drawn
from the Civil Registration by computer generated ran-
dom numbers, and pre-randomised into two groups
(group A – high intensity intervention, n = 11,708; group
B – low intensity intervention; n = 1,308). Of the 13,016
people sampled, 82 were non-eligible, as they had died or
could not be traced. The remaining 12,934 individuals
were invited for a health-screening and lifestyle interven-
tion program at The Research Centre for Prevention and
Health. Invitation included a detailed questionnaire to be
completed before attendance at the centre including infor-
mation on socio-demographic and lifestyle factors. Writ-
ten informed consent was obtained from all the
participants. The Inter99 study was done in compliance
with the Helsinki Declaration and was approved by the
local Ethics Committee (KA 98 155) and is registered with
ClinicalTrials.gov (registration number: NCT00289237).
Power calculations before study start were based on an
expected participation rate of 70%. It was calculated that
a difference in smoking reduction of 10% and a difference
in reduction of cholesterol, systolic blood pressure and
weight of 5% after 1 year between group A and B could be
detected with an alpha = 0.05 and beta = 0.20.
A total of 6,906 persons in group A and B participated in
the study. Of these, 122 subjects were excluded because ofInternational Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
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alcoholism, drug abuse or linguistic barriers leaving 6 784
(52.5%) for investigation.
Physical examinations
All participants in the intervention group were required to
be fasting from midnight on the day of attendance at the
centre. Total-cholesterol was measured using a Refloc-
tron®. Blood pressure was measured twice after 5 min of
rest in lying position. Height was measured without shoes
to the nearest 0.5 cm and weight measured without shoes
and overcoat to the nearest 0.1 kg. A two hour oral glucose
tolerance test (OGTT) was performed to diagnose
impaired glucose tolerance (IGT) and diabetes[12].
For each participant the absolute risk of IHD within the
next 10 years (the Copenhagen Risk Score) was estimated
by entering information on age, sex, height, familial
occurrence of acute myocardial infarction, previous IHD,
diabetes, systolic blood pressure (lowest value), total cho-
lesterol, weight and smoking into a computer program
(PRECARD®)[13]. Individuals were categorised as high-
risk individuals if they either had an absolute risk in the
upper quintile of the distribution stratified according to
sex and age or at least one of the following risk factors:
systolic blood pressure ≥ 160 mmHg, total cholesterol ≥
7.5 mmol/l, BMI ≥ 30 kg/m2, diabetes or IGT, or were
daily smokers.
Intervention
Based on the personal risk estimate, each individual had a
lifestyle counselling talk focussing on smoking, physical
activity, diet and alcohol. The staff (doctors, nurses and
dieticians) were all trained in health counselling and the
motivational interviewing method[14]. The intervention
was non-pharmacological. Participants with elevated lev-
els of total cholesterol, blood pressure, plasma glucose or
BMI in both group A and B were encouraged to contact
their general practitioner. Participants in group A and B
received the same individual lifestyle counselling.
In group A high risk individuals were in addition to the
health screening program and the individual counselling
offered group counselling on diet and physical activity or
smoking cessation or reduction, depending on lifestyle
and motivation to change lifestyle. The diet and exercise
counselling groups were lead by a nurse or a dietician.
Each group (15–20 individuals) was scheduled for six
two-hour meetings during a four-six-months' period. The
relatives of the participants were offered to participate in
one of the meetings. More details on the intervention can
be found at the website http://www.inter99.dk.
The overall goal was to achieve small but sustained dietary
changes. More specifically the main emphasis was put on
decreasing the total intake of saturated fat, substituting
saturated fat for unsaturated fat, and increasing intake of
fruits and vegetables, and fish.
Behavioural models implemented in the Inter99 intervention
Overall the intervention was based on elements from the
Health Belief Model[15], the Social Cognitive The-
ory[16]and the Transtheoretical Model[17]. The imple-
mentation of these in the intervention is briefly described
in the following.
A central educational tool in the Inter99 was the compu-
terized program PRECARD®, a program based on the
Health Belief Model[15]. The participants were given a
thorough interpretation of the health examination results
and the individual risk, using the PRECARD® program,
and were guided in how to make beneficial changes in
health behaviour to improve their risk status. The individ-
ual lifestyle counselling was to a large degree based on The
Transtheoretical Model which views behaviour change as
a continuum involving several phases [17]. The staffs were
taught how to identify at which stage the participant was,
using specific questions from the questionnaire com-
pleted before the individual counselling, and from some
initial questions in the counselling. Based on this the
staffs sought to fit the counselling and advice given in
agreement with the motivation of each participant. This
was done based on a detailed guideline of which strategies
to use and which messages to give at each stage in the
model.
The Social Cognitive Theory[16] was primarily imple-
mented in the group-based counselling by trying to pro-
mote higher self-efficacy through goal setting and
modelling (using the group members as role models). In
addition, it was implemented through focusing on the
motivation underlying the actual behaviour and pointing
out other behaviour options.
Follow-up
All individuals in group A and B belonging to the high-
risk group were re-invited after one and three years for a
health examination, completion of questionnaires, a risk
assessment and lifestyle counselling. Individuals who still
fulfilled the criteria for being at high-risk in group A were
again offered group counselling. Low-risk participants
were followed by questionnaires. At five-year follow-up
all participants at baseline were invited for health exami-
nation and a short finishing lifestyle counselling.
The present paper includes data for individuals identified
as high risk individuals at baseline.
At baseline 60% (N = 3642) in group A and 59% (N =
411) in group B were categorised as high risk individuals.
From these 25% were categorised as high risk individualsInternational Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
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exclusively because they were daily smokers (A: N = 1508;
B: N = 163) and these were not included in this paper.
Dietary information were categorized as missing if no
questions were answered in the FFQ on 5 or more pages
out of 14 or the individual clearly had misunderstood the
FFQ. Overall, 26 individuals (A: N = 24; B: N = 2) had
missing information on dietary habits at all four occa-
sions, leaving 2 356 (A: N = 2 110; B: N = 246) individuals
for the analyses. Flowchart of the Inter99 study, including
details on participant rates, is shown in figure 1. Figure 1
also shows the total number of individuals attending at
least one diet and exercise group counselling session after
baseline, one- and three-year follow-up (N = 670; 151;
148 respectively). If still at risk of IHD at one- and three
years follow-up individuals in group A were repeatedly
offered participation at the diet and exercise course. Over-
all 707 participated at one course, 116 at two and 10 indi-
viduals participated at three courses (data not shown in
figure 1).
Self-administered questionnaire
Education was defined on the basis of questions regarding
number of years of vocational training categorized into
four classes: 1: none, 2: ≤ 1 year, 3: 2–4 years, and 4: > 4
years. Employment status was classified as 1: employed
and 2: has been employed/has never been employed. Liv-
ing with a partner was defined as being married or cohab-
iting. Age was categorized in three groups (30–35; 40–50
and 55–60 years old). Smoking status was recorded in
four categories: never smokers; ex-smokers; occasional
smokers (< 1 g of tobacco per day); and daily smokers. To
measure physical activity level in leisure time a previously
developed and validated measure was used categorising
participants into one of four categories: sedentary, moder-
ate activity, regular exercise, and regular hard exercise[18].
Because of low numbers in the highest level of physical
activity, the two highest classes were merged in the analy-
ses. Self-rated health was reported as: "Excellent"; "Very
good"; "Good"; "Fair"; and "Poor". Because of a low
number of subjects answering excellent and poor, these
categories were merged with very good and fair, respec-
tively. Participants reported furthermore if they perceived
that their dietary habits increased their risk of IHD: "Yes";
"No"; or "Do not know".
Dietary intake
The participants completed a 198-item food frequency
questionnaire (FFQ) during their visit at the centre. The
FFQ is described and validated previously[19]. Briefly,
participants were asked to report their average intake of
different foods and beverages the last month, choosing
between seven and eleven possible responses, ranging
from never to eight or more times a day. The question-
naire also included questions about the types of bread,
spread and fat used for cooking. The food consumption
quantity was obtained by multiplying the frequency of
consumption of each unit of food by standard portion
sizes[20]. To translate food consumption into energy
intake and daily nutrient intake all food items were linked
to food items in the Danish Food Composition Databank
version 6[21]. The software program FoodCalc version 1.3
was used for the calculations[22].
Statistical analyses
Statistical analyses were made including all high risk indi-
viduals in group A and B (intention-to-treat) who
reported dietary habits in at least one of the four occasions
(baseline, one year, three year and five year follow-up). To
investigate differences between groups of dietary intake
during the five years of intervention, multilevel regression
analyses with repeated measurements were made. Data
were analysed using Proc Mixed in SAS (SAS statistical
software, version 9.1, SAS Institute Inc., Cary, NC, USA)
with normally distributed random intercepts. The statisti-
cal analyses were done for the nutritional factors focused
on in the dietary intervention (fat, especially unsaturated-
saturated fat ratio, fibre, fish, fruit and vegetables). To
minimize bias due to loss to follow-up covariates were
included in the multi-adjusted analyses if they were differ-
ently distributed at baseline between participants and
dropouts at one, three and five-year follow-up. Further-
more, adjustments were made for covariates differently
distributed between group A and B at baseline.
Drop-out was defined as missing information on food
intake at follow-up, either because the participant did not
attend or because he did not complete the questionnaire.
Multiple logistic regression analysis was used to compare
participants and drop-outs at one, three and five year fol-
low-up, respectively. Additionally, all multi-adjusted
analyses were made with and without adjustment for
energy intake and when analysing the development in the
ratio between unsaturated and saturated fat adjustments
were made for total fat intake.
To investigate whether the associations differed between
men and women, interaction terms between sex, time and
group were included in the models and if significant, anal-
yses were stratified by sex. A p-value of 5% was considered
significant.
Results
Baseline comparisons
No significant differences were found in baseline charac-
teristics between the two intervention groups (table 1).
Similarly no differences were found in baseline food
intake between the two groups except for a significantly
higher intake of fruit in men in group B (table 2).International Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
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Flow-chart of the Inter99 study Figure 1
Flow-chart of the Inter99 study.
13,016 persons 
randomly drawn from the 
general population
Intervention 
group A 
(high intensity)
11 708 invited
Intervention 
group B 
(low intensity)
1 308 invited
Baseline*
6 091 included
Baseline*
693 included
High risk†
participants 2110 
included
†High risk individuals were identified at the health screening at baseline. High risk was defined as an absolute risk 
of IHD according to the Copenhagen Risk Score in the upper quintile of the distribution stratified according to sex 
and age or at least one of the following isolated risk factors: systolic blood pressure ≥160 mmHg, total cholesterol 
≥7.5 mmol/l, BMI 30 kg/m2, diabetes or IGT, or were daily smokers. Individuals at risk exclusively because of 
their smoking habits were excluded from this study. 
High risk† 
participants 
246 included
1-year follow-up* 
1310 attended
3-year follow-up* 
1291 attended
5-year follow-up* 
1278 attended
1-year follow-up* 
166 attended
3-year follow-up* 
159 attended
5-year follow-up* 
156 attended
670‡
Diet and exercise group intervention ‡Attended at the course at least once
151‡
148‡
*At baseline, 1-year, 3-year and 5-year follow-up participants had a health examination, 
completed a questionnaire and had an individual lifestyle counsellingInternational Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
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Baseline dietary intake (energy, macronutrients, fruits,
vegetables and fish) did not differ between responders
and non-responders, except in female participants in
group A, those who did not respond at five-year follow-
up, had a higher intake of saturated fat. Compared with
responders, non-responders at one-, three-, and five-year
follow-up were at baseline in general more likely to be
younger, daily smokers, unemployed, and had no or max-
imum one year of vocational training. Furthermore, they
had low self-rated health, high intake of alcohol and per-
Table 1: Baseline characteristics according to sex and intervention group in 2356 subjects from the Inter99 study.
Men (%) Women (%)
Group A N = 1048 Group B N = 132 Group A N = 1062 Group B N = 114
Age (years)a
30–35 7 9 13 11
40–50 59 56 55 60
55–60 34 35 32 29
Vocational traininga
None 16 15 22 23
< 2 years 3 3 7 7
2 ≤ years ≤ 46 5 6 5 6 4 6 6
4 < years ≤ 91 6 1 7 7 4
Employeda
Yes 87 90 79 82
Living with partnera
Yes 84 88 80 81
Daily smokinga
Yes 34 33 28 30
Alcohol (units alcohol/week)a
07 6 1 9 1 3
1–7 30 36 52 53
8–14 22 16 18 20
14–21 15 13 6 6
21+ 26 29 5 8
Physical activitya
Mainly sedentary 27 23 26 28
Moderate activity 58 61 65 62
Regular/heavy exercise 15 16 9 10
Perceived risk of dieta
Yes 20 15 15 15
Self-rated healtha
Excellent/very good 26 32 21 26
Good 61 54 61 60
Fair/poor 13 14 18 14
Mean (sd)
BMIb 29.7(4.6) 29.1(4.1) 29.9(6.0)* 30.0(6.0)
Total plasma cholesterolb 5.9(1.2) 5.8(1.3) 5.8(1.1)* 5.6(1.6)
Systolic blood pressureb 144(18)* 140(20) 138(20)* 133(18)
Differences between groups were tested by: a Chi2-test.
b Wilcoxon two sample test. *Difference between groups, P < 0.05International Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
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ceived their dietary habits as a health risk. More details on
differences between groups at baseline and between
responders and non-responders at baseline have been
described elsewhere[11].
Follow-up data
The results from the multilevel regression analyses com-
paring dietary changes in group A and B are described in
the following. The main focus in the interpretation of the
intervention effect was on differences in the development in
the dietary intake during the five years of intervention.
The unsaturated/saturated fat ratio increased in both
groups during the five years of intervention (figure 2).
Group A had increased the ratio significantly more than
group B at both one and five year follow-up, adjusted for
total fat and energy intake and multiple confounders (net
change at five-year follow-up: 0.09; P = 0.01).
A small increase in group A and a small decrease in group
B were found in the intake of fish (figure 3). The develop-
ment was significantly different between groups at five
year follow-up (net change: 5.4 g/day; P = 0.05). Similar
results were found after further adjustment for energy
intake (data not shown).
The intake of fibre and vegetables increased in both
groups, however, no significant difference was found
between the groups (data not shown). Similar the energy
intake decreased in both intervention groups (group A:
men: -774 kJ/day; women:-882 kJ/day; group B: men: -
1330 kJ/day; women -890 kJ/day) but no significant dif-
ferences between groups were found.
Significant interaction terms with sex were found for satu-
rated fat and fruit intake and therefore these analyses were
made for men and women separately. The fruit intake
increased in both groups. In men no significant differ-
ences were found between groups. In women at one year
follow-up the increase was significantly lower in group A
(net change: -50 g/day; P = 0.03) whereas at three- and five
year follow-up no significant differences between groups
were found (data not shown). Saturated fat decreased in
both groups (figure 4). In men a significantly greater
decrease was found in group A compared to group B at 1
year follow-up (net change: -1.13 E%; P = 0.003) and a
non-significant tendency of a greater decrease in group A
was found at five year follow-up (net change: -0.68 E%; P
= 0.10). In women no differences in saturated fat intake
were found between group A and B.
Adjustment for energy intake did show different results
when comparing development in dietary intake between
group A and B.
Table 2: Crude dietary intake at baseline
Men Median (P5, P95)a Women Median (P5, P95)a
Group A
N = 1048
Group B N = 132 Group A
N = 1062
Group B
N = 114
Energy (MJ) 10.0
(5.9–17.7)
10.3
(6.0–16.7)
8.3
(4.4–14.8)
7.9
(5.0–14.3)
Total fat (% of energy) 33.7
(21.9–45.0)
33.3
(22.0–44.1)
30.7
(19.6–42.2)
29.2
(19.4–43.0)
Saturated fat (% of energy) 12.4
(7.2–18.4)
12.4
(7.0–18.5)
11.3
(6.2–17.4)
11.1
(6.2–17.0)
Polyunsaturated fat (% of energy) 5.2
(3.3–8.4)
5.3
(3.3–8.3)
5.0
(3.1–7.8)
4.8
(3.1–7.7)
Monounsaturated fat (% of energy) 10.9
(6.6–15.2)
10.9
(5.7–14.5))
9.7
(5.8–14.0)
9.6
(5.9–15.0)
Carbohydrate (% of energy) 44.3
(33.2–57.5)
44.2
(34.7–57.6)
50.0
(36.8–63.4)
49.7
(38.1–61.8)
Protein (% of energy) 15.0
(11.3–20.1)
14.8
(11.0–19.3)
15.2
(11.4–20.3)
15.3
(11.3–20.0))
Fruits (g/day) 74.6*
(4.2–439)
83.9
(10.4–489)
149
(11.5–580)
122.6
(13.4–607)
Vegetables (g/day) 90.1
(22.2–251)
91.0
(29.8–198)
111.6
(26.6–368)
120.9
(24.9–332)
Fish (g/day) 27.8
(0.9–102.9)
24.4
(0–116.8)
20.7
(0–74.0)
19.9
(0–93.2)
aP5 = 5th percentile; P95 = 95th percentile. Comparisons of differences in intake between groups were done by Wilcoxon two sample test. 
*Difference between groups, P < 0.05International Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
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Development in the unsaturated-saturated fat ratio from baseline to five-year follow-up Figure 2
Development in the unsaturated-saturated fat ratio from baseline to five-year follow-up.
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Development in the intake of fish from baseline to five year follow-up Figure 3
Development in the intake of fish from baseline to five year follow-up.
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Discussion
Adding group-based diet and exercise counselling to an
intervention including individual risk assessment and
individual lifestyle counselling resulted in a significant,
albeit small, additional improvement in the unsaturated/
saturated fat ratio and fish intake. No significant effect of
adding group-based counselling was found for fruit, vege-
tables and fibre intake. Overall, the results showed a ten-
dency of an equal effect in group A and B at three years
follow-up whereas at five years follow-up there was a ten-
dency that group B to a lesser degree maintained the ben-
eficial dietary changes.
Few studies have investigated the specific effect of single
intervention components in multi-factorial studies how-
ever, to our knowledge this is the first large-scale, long-
term randomised lifestyle intervention performed in the
general population, investigating the additional effect on
food intake of offering group counselling to high risk indi-
viduals. One of the important early researchers in the field
of the effect of group interventions on health behaviour
was the social psychologist Kurt Lewin. He found a signif-
icantly greater effect on changes in dietary habits in
women who joined a group compared to those receiving
individual counselling[23]. Recently, a Cochrane review
by Deakin et al[24] found that group-based training of
diabetes patients was more effective in reducing body
weight, blood pressure, fasting blood glucose and glu-
cated haemoglobin compared with routine care delivered
on an individual basis. Another Cochrane review of the
effect of group-based training on smoking habits found
no evidence that group therapy was more effective than
individual counselling[25].
In our study the effect of additionally offering group-
based counselling on diet and exercise was found to be
small, indicating that the cost-effectiveness of offering
group-based counselling in addition to repeated individ-
Development in the intake of saturated fat (E%) from baseline to five year follow-up Figure 4
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ualised risk assessment and lifestyle counselling might be
low. However, the results are based on analyses including
all high risk individuals in the two groups, whereas only
47% of the individuals in group A actually joined the diet
and exercise group course. Analyses performed separately
for participants attending at least once at the diet and exer-
cise course showed more pronounced effects of group
counselling (data not shown). Furthermore, the low par-
ticipation rate in general might be an important explana-
tion for the few significant differences between the two
intervention groups. The expected participation rate of the
Inter99 was 70%, whereas the actual rate was 52.5%. Thus
the assumptions behind the power calculation of the
required sample size of group B were not fulfilled; hence
the power to detect the effect of offering group counsel-
ling was considerably smaller than expected.
Thus, the low participation rate at the group-based coun-
selling might be an important reason for the small effect
on dietary habits found. To improve participation rate it is
relevant to identify mediators of participation and adher-
ence to the course. This was done in an earlier study. We
found that important mediators of participation at the
diet and exercise was awareness of unhealthy lifestyle, per-
ceived susceptibility of disease, motivation towards life-
style changes, recent diagnosis of IGT/diabetes and
overweight[26]. To improve participation rate in future
interventions it is therefore relevant to focus on facilita-
tion these mediators in the individual counselling. How-
ever, it could be argued that not all individuals might
benefit from participating in the group-based course.
Therefore, it is relevant to identify characteristics of those
who actually benefit from participating and in future
interventions to offer and tailor the group-based interven-
tion to these individuals.
To minimize the bias due to the low participant rate and
the high degree of loss to follow-up when investigating
the effect of the intervention we used hierarchical multi-
level regression analyses with repeated measurements and
random effects. These analyses make it possible to take
into account the loss to follow-up under the assumption
of missing at random (MAR)[27] by including covariates
associated with missing information on dietary habits at
follow-ups. The method is superior to two often-used
methods: "last observation carried forward" and "com-
plete case analysis". These methods are based on the
assumption of missing completely at random (MCAR)
which implicitly means the excluded/lost individuals do
not differ systematically from the included individu-
als[28]. Under the assumption of MAR, missing values
and dropouts are allowed to depend on previously
observed outcomes. Thus, because baseline intake and
other relevant characteristics were taken into account in
the model the fact that these to some degree varied
between responders and non-responders at follow-ups
should therefore not bias the results using this method.
The validation of the FFQ showed as earlier described that
the questionnaire provided a reasonable quantitative
assessment of dietary intake and a good classification of
individuals. However, the results for saturated fat showed
a tendency of increased underreporting according to the
FFQ with increasing intake of saturated fat. In line with
this the degree of underreporting seems to be highest in
men who in general have a higher intake of saturated fat.
This could potentially have attenuated some of the inter-
vention effect. The validation of the dietary intake was
made for "point-in-time" associations only. However,
there is substantial evidence that change in diet is hard to
estimate precisely[29]. Thus, in this study it would have
been relevant to investigate if the FFQ was sufficiently sen-
sitive for measuring dietary changes but for economical
reasons this was not done. Overall, misclassification due
to difficulties in measuring dietary changes would tend to
lead to underestimation of the intervention effect.
The net change in fish intake was 5.4 g/day (in women 8.5
g/day, data not shown). He et al (2004) found a 7% lower
risk of CHD mortality for each 20 g/day increase in fish
intake for all participants included in the meta-analysis.
The net-changes in men in the saturated fat intake were in
this study -1.13 E% at one year follow-up and -0.68 E% at
five year follow-up. Osler et al[30] estimated that a reduc-
tion of 1 E% in saturated fat intake would reduce the risk
of heart disease in the population with 3%. Further, when
aggregated across the entire dietary pattern, several small
changes in food habits may lead to greater health gains
than the above estimates would suggest[31]. Thus, the
small, but long-term changes in dietary habits, if sus-
tained, might prove to have a significant effect on the pre-
vention of IHD. The exact effect on morbidity and
mortality in the population of these dietary changes is
however, impossible to estimate at this point of time. For-
tunately, in Denmark it is possible to follow the whole
study population in central registers, including the
National Hospital Registry and the Cause of Death Regis-
try. From these it will, in the coming years be possible to
estimate the effect of the intervention on the incidence of
e.g. IHD.
The strategy in the Inter99 study is categorized as a high-
risk strategy as it was based on identifying high-risk indi-
viduals and targeting the intervention to the risk profile of
the individual. However, the intervention was not limited
to high-risk individuals but was performed in an unse-
lected general population. Thus, although the interven-
tion differentiated the intensity of the intervention
according to the risk profile and lifestyle of the individu-
als, both high and low-risk individuals had a thoroughInternational Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
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health examination and individual lifestyle counselling.
Thus, the intervention could potentially shift the distribu-
tion of lifestyle and risk factors of the whole population of
participants. It could thereby promote significant
improvement in the health of the population as a whole.
To decrease dropout rates it is important to explore
important mediators for participation and adherence
throughout the study. However, this will not improve the
participation rate. Several reviews have focused on the
attitudes and characteristics of individuals unwilling or
unable to participate in randomized controlled interven-
tion studies [32-34]. These attitudes and characteristics
differ in many ways from the participants; including par-
ticipants being in general older, married and having a
higher socioeconomic status and education level than
non-participants[32]. This means both a lower external
validity of the studies but also that individual intervention
studies performed in the general population are likely to
increase the social inequality in health. To reach those not
willing to participate in for example preventive lifestyle
programs it is necessary to use other strategies than the
high-risk strategy. For this, a more population-based strat-
egy should be prioritized in combination with the high-
risk strategy.
Conclusion
Offering group-based diet and exercise counselling in
addition to individual lifestyle counselling resulted in sig-
nificant positive changes in fish intake and the ratio
between unsaturated and saturated fat compared to indi-
vidual lifestyle counselling only. No significant effect was
found on the intake of fruit, vegetables and fibre. There
was a tendency that group-based counselling improved
maintenance of positive dietary changes.
Competing interests
The authors declare that they have no competing interests.
Authors' contributions
TJ was responsible for the design and conduct of the
Inter99 study. UT was responsible for conducting the data
analysis, interpretation of the data and writing of the
manuscript. All the authors participated in editing the
manuscript and provided advice regarding interpretation
of the results. None of the contributing authors had any
financial or personal interests in any of the bodies spon-
soring this research. All authors read and approved the
final manuscript.
Acknowledgements
We acknowledge all members of the Inter99 team, the participants and the 
steering committee of the Inter99 study: Torben Jørgensen, DMSc (PI), 
Knut Borch-Johnsen, DMSc (Co-PI), Hans Ibsen, DMSc, Troels Thomsen, 
Ph.D, Charlotta Pisinger, PhD and Charlotte Glümer, PhD.
The study was initiated and analyzed by the investigators in this project, but 
was supported economically by: The Danish Medical Research Council, The 
Danish Centre for Evaluation and Health Technology Assessment, Novo 
Nordisk, Copenhagen County, The Danish Heart Foundation, The Danish 
Pharmaceutical Association, Augustinus foundation, Ib Henriksen founda-
tion and Becket foundation.
References
1. World Health Organisation: Joint WHO/FAO Expert Consulta-
tion. Diet, nutrition and the prevention of chronic Diseases.
In Technical Report Series No 916 WHO; 2003. 
2. Brunner EJ, Thorogood M, Rees K, Hewitt G: Dietary advice for
reducing cardiovascular risk.  Cochrane Database Syst Rev
2005:CD002128.
3. Ammerman A, Pignone MP, Fernandez L, Lohr KN, Jacobs A: Coun-
seling to promote a healthy diet.  Agency for Healthcare Research
and Quality 2002.
4. Ebrahim S, Davey SG: Multiple risk factor interventions for pri-
mary prevention of coronary heart disease.  Cochrane Database
Syst Rev 2000:CD001561.
5. Lear S, Ignaszewski A, Linden W, et al.: The Extensive Lifestyle
Management Intervention (ELMI) following cardiac rehabili-
tation trial.  Eur Heart J 2003, 24:1920-7.
6. Roe L, Hunt P, Bradshaw H, Rayner M: Health Promotion inter-
ventions to promote healthy eating in the general popula-
tion – a review.  Health Education Authority 1997.
7. Tang JL, Armitage JM, Lancaster T, Silagy CA, Fowler GH, Neil HA:
Systematic review of dietary intervention trials to lower
blood total cholesterol in free-living subjects.  BMJ 1998,
316:1213-20.
8. Ammerman AS, Lindquist CH, Lohr KN, Hersey J: The efficacy of
behavioral interventions to modify dietary fat and fruit and
vegetable intake: a review of the evidence.  Prev Med 2002,
35:25-41.
9. Pomerleau J, Lock K, Knai C, McKee M: Interventions designed to
increase adult fruit and vegetable intake can be effective: a
systematic review of the literature.  J Nutr 2005, 135:2486-95.
10. Toft U, Kristoffersen L, Ladelund S, Ovesen L, Lau C, Borch-Johnsen
K, Pisinger C, Jørgensen T: The impact of a population-based
multi-factorial lifestyle intervention on changes in long-term
dietary habits. The Inter99 study.  Prev Med. 2008, 47:378-383.
11. Jorgensen T, Borch-Johnsen K, Thomsen TF, Ibsen H, Glumer C, Pis-
inger C: A randomized non-pharmacological intervention
study for prevention of ischaemic heart disease: baseline
results Inter99 (1).  Eur J Cardiovasc Prev Rehabil 2003, 10:377-86.
12. Glumer C, Jorgensen T, Borch-Johnsen K: Prevalences of diabetes
and impaired glucose regulation in a Danish population: the
Inter99 study.  Diabetes Care 2003, 26:2335-40.
13. Thomsen T, Borch-Johnsen K, Davidsen M, Ibsen H: The "PRE-
CARD" study: Identificattion and management of individuals
at risk of developing cardiovascular disease.  Can J Cardiol 1997,
13:286B-7B.
14. Britt E, Hudson SM, Blampied NM: Motivational interviewing in
health settings: a review.  Patient Educ Couns 2004, 53:147-55.
15. Janz N, Becker M: The health belief model: A decade later.
Health Educ Q 1984, 11:1-47.
16. Bandura A: Social foundation of thoughts and action: A social
cognitive theory.  New York: Prentice Hall; 1986. 
17. Prochaska J, DiClemente C, Norcross J: In search of how people
change: Application to addictive behaviours.  In Addictive behav-
iours: Readings on etiology, prevention, and treatment Edited by: Marlatt
G, van den Bos H. Washington DC: American Psychological Associa-
tion; 1997:671-96. 
18. Saltin B, Grimby G: Physiological analysis of middle-aged and
old former athletes: comparison with still active athletes of
the same ages.  Circulation 1968, 38:1104-15.
19. Toft U, Kristoffersen L, Ladelund S, et al.: Relative validity of a
food frequency questionnaire used in the Inter99 study.  Eur J
Clin Nutr 2008, 62(8):1038-1046.
20. Haraldsdottir J, Seppänen R, Steinrímsdóttir L, Trygg K, Hagman U:
Portion sizes: Nordic Standard Portions of Food and Food-
stuffs.  Nordic Council and Council of Ministers 1998.
21. Saxholt E, Møller A, Ygil K: Danish Food Composition Databank
Version 6.0 [Fødevaredatabanken Version 6.0].  Department ofPublish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
International Journal of Behavioral Nutrition and Physical Activity 2008, 5:59 http://www.ijbnpa.org/content/5/1/59
Page 13 of 13
(page number not for citation purposes)
Nutrition, The Danish Institute for Food and Veterinary Research, Søborg,
Denmark 2005 [http://www.foodcomp.dk].
22. Lauritsen J: FoodCalc 1.3 1998.  1998 [http://www.ibt.ku.dk/jesper/
FoodCalc/Default.htm].
23. Lewin K: Group Decision and Social Change.  In Social Pshycology
Edited by: Maccoby E. New York: Holt, Rinehart and Winston;
1958:197-211. 
24. Deakin T, McShane CE, Cade JE, Williams RD: Group based edu-
cation in self management strategies improves outcomes in
type 2 diabetes mellitus.  Cochrane Database Syst Rev
2005:CD003417.
25. Stead LF, Lancaster T: Group behaviour therapy programmes
for smoking cessation.  Cochrane Database Syst Rev
2000:CD001007.
26. Toft U, Kristoffersen L, Aadahl M, Smith L, Pisinger C, Jørgensen T:
Diet and exercise intervention in a general population –
mediators of participation and adherence: the Inter99 study.
Eur J Public Health 2007, 17:455-63.
27. Little R, Rubin D: Statistical Analyses with missing data.  New
Jersey: John Wiley & Sons; 2002. 
28. Wood A, White I, Hillsdon M, Carpenter J: Comparison of impu-
tation and modelling methods in the analysis of a physical
activity trial with missing outcomes.  Int J Epidemiol 2005,
34:89-99.
29. Stein A, Shea S, Basch C, Contento I, Zybert P: Assessing changes
in nutrient intakes of preschool children: comparison of 24-
hour dietary recall and food frequency methods.  Epidemiology
1994, 5:109-15.
30. Osler M, Godtfredsen J, Grønbæk M, Marckmann P, Overvad K: A
quantitative assessment of the impact of diet on the mortal-
ity of heart disease in Denmark.  Ugeskr Laeger 2000,
162(37):4921-4925.
31. Hu FB: Dietary pattern analysis: a new direction in nutritional
epidemiology.  Curr Opin Lipidol 2002, 13:3-9.
32. Thoolen B, de Ridder D, Bensing J, Gorter K, Rutten G: Who par-
ticipates in Diabetes Self-management Interventions?: Issues
of Recruitment and Retainment.  The Diabetes Educator 2007,
33:465-74.
33. Hunninghake D, Darby C, Probstfield J: Recruitment experience
in clinical trials: literature summary and annotated bibliog-
raphy.  Control Clin Trials 1987, 8:6s-30s.
34. Ross S, Grant A, Counsell C, Gillespie W, Russell I, Prescott R: Bar-
riers to Participate in Randomised Controlled Trials: A Sys-
tematic Review.  J Clin Epidemiol 1999, 52:1143-56.